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FOUNDATIONS FOR TRANSMISSION LINE TOWERS
AND TOWER ERECTION

IV-A FEW ESSENTIALS IN TOWER LINE CONSTRUCTION

BY P. M. DOWNING

ABSTRACT OF PAPER
In this paper the author briefly emphasizes the fact that the

weakest link of any transmission system is the line, and that
this part of the plant has never been given the consideration it
deserves.

Towers are strongly advocated for important trunk lines,
and certain conditions to be met in the design of same are given.
The use of concrete footings is recommended in preference to those
of metal set directly in the ground.

THE USE of wooden poles in connection with high voltage
transmission lines, especially important trunk lines, is

fast being superseded by steel towers. The wonderful growth
of the electrical industry during the past few years has resulted
in the construction of larger generating stations, and the trans-
mission lines carrying these heavier loads have become of cor-
respondingly greater importance.

During all of this time, except for a noticeable increase in the
sizes of the units used, there has not been any radical change in
the equipment of hydroelectric generating stations. The same
general types of turbines and impulse wheels as were used fifteen
or twenty years agro, during the infancy of the industry, are still
being used. Slight modifications in the design of the generators,
the use of the better material now available, and higher speeds
have resulted in larger units and increased efficiencies. Trans-
formers have kept pace with the generators and waterwheels,
both as regards size and efficiency, but have never been in any
respect the limiting feature in high-voltage transmission work.
The line is and has always been the weakest link of the entire

system, and it is only during the last few years that this part
of the work has received the attention it deserves. Wooden
pole lines with pin type insulators were for many years used al-
most exclusively, regardless of the voltage, or the importance
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of the line; in fact, it was not until 1903 that the first commercial
tower line in America was constructed by the Guanajuato Power
Co., in Mexico. The first line using towers with suspension
insulators was the 140-mile 100,000-volt line of the Stanislaus
Power Company in California (now the Sierra and San Francisco
Power Co.).
The tower designs first constructed called for each structure to

be self-supporting under strains due to the breakage of all con-
ductors on one side of the tower together with maximum ice
and wind strains. This resulted in a heavy, durable structure
of high first cost, and imposed a very much more severe condi-
tion than could be met by pole lines.

Little attention had ever been given to the determination of
the strength of wood poles, either by calculation or actual test,
and there is no doubt but that such strength requirements in
line towers were unreasonable. Subsequent experience has shown
that the average tower is too complicated a structure to accur-
ately calculate the stresses in the different members, and it is now
generally conceded that the best and only safe way to get reliable
information as to the stability of a tower, is to subject it to
actual test.
A very safe condition under which to test towers to be used in

a country not subject to severe snow and sleet conditions, is to
consider a wind pressure of 141 lb. per sq. ft. on flat surfaces,
combinedwith a temperature range of 125 deg. fahr., or a pressure
of 21 lb. per sq. ft. on flat surfaces under ordinary temperatures;
also two broken wires in any span of a circuit carrying six wires.
These breakages to be in such positions on the tower as will give
maximum strain. The height of the tower will depend on the
spacing and the required clearance of the conductor above the
ground. Considerable difference of opinion exists as to the most
economical length of span that can be used. These range from
400 to 1200 ft., depending to a considerable extent on the charac-
ter of the country, the climatic conditions and the voltage of the
line.
Where the line is subject to heavy snow and sleet conditions,

the spans must be short, and very often under such conditions
it is inadvisable to place the three conductors in a vertical plane.
A very much better and safer construction can be had by using
single circuit towers with the conductors in a horizontal plane.
Under these conditions any unequal distribution of the snow
load on the different conductors will not cause them to come in
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contact with each other. On 100,000-volt lines carrying two
circuits of three wires each, located in vertical planes on the two
sides of the tower, a spacing of 800 to 1000 ft. will generally be
found to aive maximum economy.
Tower foundations depend largely on the character of the soil

in which they are located. In heavy ground a metal footing
having sufficient resistance against up-lift may be used, but they
are not to be recommended. The parmissible strains borne
by well tamped dry earth do not always obtain under water

soaked flood conditions. Where
xlf::~metal footings without concrete

IrnLee---j- have been used, too often they
= have been found inadequate and

resulted in the ultimate failure of
CofneUrIte , the tower. Under no circum-

stances, except on very short
towers, should single post footings

il' be used. Two or three posts give
I /1! a much more rigid and substantial

construction, but materially in-
JLj-14orCrBOa4 t[ crease the first cost of the structure;

in fact, for the same factor of
II #!safety, it is very doubtful whether

_ under any normal conditions the

,Ll'l l 8 difference in first cost between the
lu d { ,metal and concrete footings will be

<--- 3M4-----3w23- X 9,.t great enough to justify a decision
--------- 3'10x3'10--------- in favor of the metal.

FIG. 1-CONCRETE FOOTING On a number of different lines
FOR 75-FT. DOUBLE CIRCUIT originally constructed with all
LINE ToWER

metal footings, tower failures have
occurred, and it has since been found necessary to reinforce
them with concrete.
On the basis of an 800-ft. spacing between towers, and an

allowable stress of 15,500 lb. per sq. in. for copper conductors,
the sag at 60 deg. fahr. would be approximately, 20 ft. On a
double-circuit tower line. having conductors strung to this ten-
sion and spaced 10 ft. apart, with a required clearance of 30 ft.
above the ground, a 75 to 80 ft. tower would have to be used.
The footings of a tower of this height under the assumed load
conditions should contain not less than 14 cu. yards of concrete
per leg, and be of a form similar to that shown in Fig. 1. On the
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basis of colncretew weig;hing 140 lb. per cu. ft., earth 110 lb. per
cu. ft., and assuming the angle of cleavage of the earth as 30 deg.
from the vertical, a footing of this kind would have a factor of
safety of approximately two.

In pouring the concrete in a footing of this kind the bottom
pan-cake is placed without a form, and allowed to set just long
enough to support a metal form for the upper portion.
To insure against weakness due to possible poor bonding along

the plane of contact between the tupper and lower portions of
concrete, it is advisable to use short pieces of reinforcing, or let
the metal footing extend well down toward the bottomn of the
foundation.
The cost of footings of this kindl on a line run through average

country such as will be found between a hvdroelectric plant in
the mountains, and a distributing center in the valley, that is,
where the route is aboutt equallv divided between mountains and
valley, is, approximately, $90.00 per tower, divided as follows:

Labor ...........$ 40.00
Material ........... 16.00
Hauling material...................... 34.00

$90.00

These prices are based on labor at $2.50 to $3.00 per day, and
concrete mixed by hand at each tower; average haul for material
six to eight miles.

In a country that is not too steep, the most economical way of
erecting towers of this size is to assemble them on the grounnd
and end them up into position. One very easv and satisfactory
way of doing this is to set a 30 or 35-ft. gin pole just outside of the
footings holding it in po)sition by three gtivs fastened to iron stakes
driven into the ground for anchors. Over an opeln sheave on the
top of this gin pole is carried a 0.5-in, flexible steel cable one end
of which is connected to the tower at the lower cross-arm, the
other to a set of triple blocks made fast to another anchoragye
300 or 400 feet from the base of the tower. Whlere the ground
around the footings is not well pDacked, it is advisable to use
hold back anchors on the ground legs, as otherwise the heavy
pull against the footings when the tower starts to raise is
liable to damage them. A back guy should also be provided to
prevent the tower dropping into place as it comes up to a vertical
position. Ordinarily side guys are unnecessary, but during windy
weather it is well to have them held loosely as the tower rises.
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[DOWNING]
FIG. 2-PLACING ToWER FOOTINGS ON A STEEP SIDiE HILL BY MEANS OF

MIETAL TEMPLATE

_~~~~~~~~

_~~~~~~

[DOWNING]
FIG. 3-A STEEL TOWER BEING ERECTED AT

LINE CROSSING OVER A NAVIGABLE STREAM.
Showing a gin pole in the Triddle of the tower and

supported from the four corners of the tower at both
bottom and near the top by rreans of blocks and tackle



PLATE LXII.
A. 1. E. E.

VOL XXXIV, 1915

(DOWNING)
FIG. 4-A SEVENTY-EIGHT FOOT DOUBLE CIRCUIT STANDARD LINE

TOWER BEING ASSEMBLED ON THE GROUND

[DOWNING]

FIG. 5-A TOWER BEING RAISED INTO POSITION BY MEANS OF A GIN
POLE
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The best motive power for this work is a 3-ton motor truck which
can be used not only for raising the towers, but also for trans-
porting tools and equipment between towers. A crew of nine
men with a truck will raise and fasten to the footings an average
of 9 towers per work day of 8 to 9 hours. The insulators are
attached to the tower while it is on the ground and raised with it.

While there are few, if any, tower lines that have bNeen in ser-
vice long enough to determine the relative merits as between
galvanizing and painting of steel structures of this kind, there is
every reason to think that hot dip galvanizing when properly
done will prove the more satisfactorv in the end. The first
cost of painted towers is less than galvanized, but at the very
best, the painting will last only a few years. As an offset to
the lQwer first cost of painting, there wTould be the increased
maintenance cost. Moreover the tops of the tower could not
be painted with voltage on the line. To do this part of the work,
service would have to be interrupted. This objection alone would
in many instances be a most serious one, and doubtless, would
oftentimes be the determining factor in deciding in favor of the
galvranized structures.
There is nothing, thus far, to indicate that there is any ap-

preciable deterioration of the galvanizing when set either in the
concrete or directlyt in the grotund. Galvanized tower bolts
are not entirely satisfactory. It has been found that almost
invariably the bottom of the threads will be so filled up with the
galvanizing that the nuts cannot he run on. Sherardizing over-
comes this trotuble, but is open to the objection that this process
is inferior to hot dip galvanizing, and it is often only a matter
of a short time Nwhen the sherardizing will disappear and the
bolts rust. After t;he tower is erected it should be gonie over care-
fully-, all bolts tightened and the threads upset, so that the nuts
cannotl work loose.

Unless this is done the vibration of the tower due to the wind
will, within a few months or a year, cause the nuts to loosen and
back off a turn or two, thus materially reducing the rigidity of
the tower. This same thing will happen on the clamp bolts
holding the conductor, unless lock washers, or some other means,
are provided to prevent it.


